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are input values (at z = 0). The
rst terms in braces indicate FWM and second { opti-
cal parametic amplication (OPA) processes. If either of
the driving elds is switched o, 
4;2
= 0, and the weak

















). Owing to FWM coupling, probe ra-
diation E
4





turn contributes to E
4
because of FWM. This process
results in correlated propagation of two waves along the
medium. A gain or absorption of any of them inu-
ences the propagation features of the other. If an ab-





 1), k = 0; if E
20
= 0, and E
40
6= 0, we ob-






















. Alternatively, if E
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One can see that achieving gain requires large optical












. The dependence I
4
(L) is predetermined





The important feature of the far-from-degenerate in-
teraction is that the magnitude and the sign of the mul-
tiphoton resonance detunings and, consequently, of the
amplitude and phase of the lower-state coherence 
nl
dier for molecules at dierent velocities because of the
Doppler shifts. Such is not the case in near-degenerate
schemes. The interference of elementary quantum path-
ways, with Maxwell's velocity distribution and saturation
eects taken into account, results in a nontrivial depen-
dence of the macroscopic parameters on the intensities
of the driving elds and on the frequency detunings from
the resonances [9]. A density matrix solution was found
exactly with respect to E
1;3
and to a rst approxima-
tion for E
4;2
. We use these formulas here for numerical





, and also to obtain a numerical solution of
the system of Eqs. (1)-(2), with the inhomogeneity of
the coeÆcients taken into account. We stress that the
eect under consideration is AWI rather than conven-
tional OPA accompanied by absorption and Stokes gain,
because the quantum interference involved in resonant
schemes is so crucial role that thinking in terms of the
Manley-Raw conservation law would be misleading [10].
The main outcomes of the simulations the conditions
of the experiment are illustrated in Figs. 1(b), 2 and 3.
The transitions of Fig. 1(a) and relaxation parameters




= 655, 756, 532,
480 nm,  
m; g; n
= 260, 200, 30, 




















are the spontaneous interlevel relaxation
rates. At T = 450
Æ
C, the Doppler FWHM of the tran-
sition at 
4
is 1.7 GHz, and the Boltzmann population













=2h of  100 MHz cor-
respond to 100-mW beams focused on a spot with sizes
of a few parts of a millimeter, i.e. one photon per several






















































FIG. 2: (a) Macroscopic Stokes gain, (b) absorption, and (c-

















Solid curves, same parameters as in Fig. 1(b); dashed curves,
G
1
= 43 MHz, G
3
= 39 MHz (corresponding to L=L
4
= 20,
where the gain reaches its maximum value).








































(a) (b) (c) 
I2/I40 
L/L4=35 





), (c) CQC optical switching. For (a) and (b)
and for the inset in (c), 
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= 0, where the remaining parame-






































rise to substantial modication of both absorption and
gain [Figs. 2(a) and 2(b)] and the cross-coupling [Figs.
2(c)-2(f)] parameters. Signicant amplication in one of
the nonlinear resonances in 
2
[Fig. 2 (a)] is accompa-
nied by absorption peaks and transparency windows in

4
[Fig. 2(b)]. The resonances in 
2
do not coincide with
a Raman resonance [labeled with an arrow in Fig. 2(a)].
The modules of the dressed velocity-averaged parameters

4;2
dier by approximately factor of four, whereas their
3imaginary parts take on even dierent signs [as in Fig.
2(c)-2(f)]. This behavior is in marked contrast to that of
solid-state and o-resonant nonlinear optics.
The inhomogeneity of the driving elds [Fig. 3(a)]
gives rise to a signicant change of the material param-
eters along the medium (dashed curves in Fig. 2), so 
4
may even increase above its value in the weak-eld limit.
The interplay of these eects determines the spatial dy-
namics, optimum parameters, and achievable gain [Fig.
1(b)]. Along a substantial medium length, the probe eld
is only being depleted [Fig. 3(b)]. Its growth begins at
the length where the generated and enhanced eld E
2
[dashed curves in Fig. 3(b)] becomes comparable with
E
40
. The simulations explicitly reveal that the fully res-
onant conditions explored in Ref. 8 are far from optimal
[inset in Fig. 3(b)], and most probably the gain reported
in Ref. 8 is a misinterpretation of the experiment. The
maximum gain in Fig. 1(b) is 1050, which is well above
the characteristic threshold for self-oscillation to be es-
tablished inside the optical cavity from the spontaneous
radiation. This gain can readily be increased further to
the mirrorless oscillation level. Both linear and laser-
induced nonlinear dispersion inhomogeneous along the
medium are taken into account in Figs. 1(b) and 3. Our
results also demonstrate that the problem of AWI in sim-
ilar schemes may not be reduced to the condition of a
sign change of 
4
, as was done in the research reported
in Ref. 11. The solid curve in Fig. 3(b) shows that
there is an optical thickness controlled by the driving
radiations whose small variation results in a switching
from the absorption regime to transparency and further
to amplication. Figure 3(c) presents the possibility of
controlling this switching with a small change of either
the frequency of the probe radiation or the intensity of
the driving radiation (inset, Fig. 3). Obviously, the same
processes can be employed for generating and manipulat-
ing large dispersion without the accompanying depletion
of radiation. The required intensity can be further de-
creased in identical but more favorable atomic schemes.




may possess nearly perfect quantum correlations
that yield almost complete squeezing[6].
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